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1. INTRODUCTION {#cas13556-sec-0001}
===============

Cabazitaxel is a next‐generation taxane, indicated for the treatment of patients with metastatic castration‐resistant prostate cancer (mCRPC) previously treated with a docetaxel‐containing regimen.[1](#cas13556-bib-0001){ref-type="ref"}, [2](#cas13556-bib-0002){ref-type="ref"} In a phase III TROPIC study, performed in patients with mCRPC progressing during or after docetaxel, cabazitaxel provided an overall survival (OS) benefit.[1](#cas13556-bib-0001){ref-type="ref"}, [2](#cas13556-bib-0002){ref-type="ref"} As a result, cabazitaxel was approved worldwide for the treatment of patients with mCRPC previously treated with a docetaxel‐containing regimen.[3](#cas13556-bib-0003){ref-type="ref"}, [4](#cas13556-bib-0004){ref-type="ref"}, [5](#cas13556-bib-0005){ref-type="ref"}

In a phase I, open‐label, dose‐escalation study of cabazitaxel in patients with mCRPC in Japan (NCT01324583), the safety, tolerability data and antitumor activity in Japanese patients were found to be comparable to the results of previous studies in Caucasian patients, although the incidences of neutropenia and febrile neutropenia were high in a Japanese study.[6](#cas13556-bib-0006){ref-type="ref"}, [7](#cas13556-bib-0007){ref-type="ref"} In Japan, cabazitaxel was approved in September 2014 for patients with metastatic docetaxel‐resistant castration‐resistant prostate cancer.

In Asian populations, including Japanese populations, the efficacy and the prognostic indicators of cabazitaxel remain unclear.

The aim of the present study was to evaluate the efficacy and prognostic factors of cabazitaxel in combination with prednisone treatment in Japanese patients with mCRPC previously treated with docetaxel.

2. MATERIALS AND METHODS {#cas13556-sec-0002}
========================

In this retrospective observational study, 41 patients with mCRPC treated with cabazitaxel at Keio University Hospital from 2014 to 2017 were identified. All patients were histologically or cytologically confirmed as having adenocarcinoma of the prostate with clinical or radiologic evidence of metastatic disease and had disease progression during treatment consisting of complete androgen blockade hormone therapy and docetaxel. All patients received cabazitaxel at 20‐25 mg/m² administered intravenously on day 1 of each treatment cycle, together with prednisone 5 mg twice daily. In these patients, prophylactic G‐CSF was administered according to the guidelines of the American Society of Clinical Oncology.

Objective data, such as patients\' background, clinical‐pathological information and pertinent laboratory values, were retrospectively collected 1 day before administering the first cycle of cabazitaxel. All laboratory results were collected to examine the clinical association with progression‐free survival (PFS) and OS. PFS was defined as an increased in prostate‐specific antigen (PSA) values ≥25% relative to the pretreatment PSA value or radiological progression according to the RECIST guidelines. OS was calculated from the date of the start of cabazitaxel treatment to the date of death or date of last follow‐up. Adverse events (AE) were classified according to CTCAE dictionary version 4.0.

Our primary objective was to examine whether the clinical indicators had any associations between OS in men with mCRPC receiving cabazitaxel. Our study was designed as a retrospective analysis and approval was obtained from the Institutional Review Board of our institution.

2.1. Statistical analysis {#cas13556-sec-0003}
-------------------------

The continuous variables and categorical variables of different groups were compared using the χ^2^‐test and Mann‐Whitney *U* test, respectively. The Kaplan‐Meier method was used to estimate the event‐time distributions for PFS and OS, and the log‐rank test was then used to assess the significance. Univariate Cox regression models were used to adjust for potential confounders in predicting PFS and OS. Covariates with significant *P* values (\<.05) in univariate analysis were included in the multivariable analysis. Categorized variables were assessed in multivariate models using Cox proportional hazard regression models with a stepwise forward selection method. For all statistical analyses, tests were 2‐sided and *P* \< .05 was considered to indicate statistical significance. All statistical analyses were performed using the Statistical Package of the Social Sciences, version 24.0 (SPSS, Chicago, IL, USA).

3. RESULTS {#cas13556-sec-0004}
==========

3.1. Patient characteristics {#cas13556-sec-0005}
----------------------------

All patients were Japanese and had received at least 1 prior docetaxel‐containing regimen (Table [1](#cas13556-tbl-0001){ref-type="table-wrap"}). Median age was 71 years. The ECOG performance status (PS) score was 0 and 1/2 in 82.9% and 17.1% of patients, respectively. The median baseline PSA level was 136.5 ng/mL (range 0.17‐11 660). Major sites of disease included bone (97.6%) and lymph nodes (38.6%). Prior treatment included surgery in 10 patients (24.4%) and radiotherapy in 19 patients (46.3%). The median prior docetaxel cycle was 8 (range 3‐43). Cabazitaxel was applied as the 2nd line treatment in 3 patients, the 3rd line treatment in 8 patients, the 4th line therapy in 16 patients, the 5th line in 10 patients, and the 6th line or more in 4 patients. Cabazitaxel was administered in the majority of patients according to the protocols that were established by the phase III TROPIC trial and TED study in Japan. However, 48.8% of the patients received an upfront dose reduction (i.e. 34.1% = 20 mg/m^2^, 14.6% = 22.5 mg/m^2^) due to a reduced general condition or advanced age. Prophylactic administration of G‐CSF was prescribed to all the patients. Grade ≥3 neutropenia and febrile neutropenia occurred in 21 patients (53.6%) and 3 patients (6.8%), respectively. Cabazitaxel in combination with prednisone was well tolerated. The AE are described in Table [2](#cas13556-tbl-0002){ref-type="table-wrap"}. Four of 41 patients discontinued treatment due to severe side effects. Treatment was generally well tolerated, with a median of 5 cycles (range 1‐17).

###### 

Characteristics of patients treated with cabazitaxel

                                                        N = 41
  ----------------------------------------------------- ---------------------
  Age, y, median (range)                                71 (46‐85)
  Age group, n (%)                                      
  \<75 y                                                34 (82.9)
  ≥75 y                                                 7 (17.1)
  ECOG PS, n (%)                                        
  0                                                     34 (82.9)
  1,2                                                   7 (12.2)
  PSA at baseline, ng/mL, median (range)                136.5 (0.17‐11 660)
  Sites involved, n (%)                                 
  Bone                                                  40 (97.6)
  Lymph nodes                                           17 (38.6)
  Prostate gland                                        20 (48.8)
  Lungs                                                 5 (12.2)
  Liver                                                 4 (9.8)
  Prior surgery, n (%)                                  10 (22.7)
  Prior radiotherapy, n (%)                             19 (43.2)
  Prior 2nd AR targeting lines, n (%)                   
  ENZA                                                  25 (60.9)
  ABI                                                   19 (46.3)
  The number of treatment prior to cabazitaxel, n (%)   
  1                                                     3 (7.3)
  2                                                     8 (19.5)
  3                                                     16 (39.0)
  4 or more                                             14 (34.1)
  Total prior docetaxel cycle, median (range)           8 (3‐43)

ABI, abiraterone acetate; AR, androgen receptor; ENZA, enzalutamide; PS, performance status; PSA, prostate‐specific antigen.

John Wiley & Sons, Ltd

###### 

\(A\) Treatment‐emergent grade 3/4 adverse events of patients and (B) laboratory abnormalities in patients treated with cabazitaxel (N = 41)

  Preferred term                                   n (%)
  ------------------------------------------------ -----------
  \(A\) Non‐hematologic laboratory abnormalities   
  Fatigue                                          6 (14.6)
  Anorexia                                         4 (9.8)
  Nausea                                           3 (7.3)
  \(B\) Hematologic laboratory abnormalities       
  Neutrophil count decreased                       21 (53.6)
  Anemia                                           4 (9.8)
  Platelet count decreased                         3 (7.3)
  Febrile neutropenia                              3 (7.3)

John Wiley & Sons, Ltd

3.2. Univariate and multivariate analysis of progression‐free survival and overall survival {#cas13556-sec-0006}
-------------------------------------------------------------------------------------------

To identify the clinical‐biological parameters associated with PFS and OS in patients treated with cabazitaxel chemotherapy, univariate and multivariate analyses were performed using a Cox proportional hazard regression model.

The median PFS for cabazitaxel treatment was 4.4 months (95% CI 3.5‐5.3) (Figure [1](#cas13556-fig-0001){ref-type="fig"}A). The median OS from the start of cabazitaxel treatment was 15.0 months (95% CI 8.9‐21.2) (Figure [1](#cas13556-fig-0001){ref-type="fig"}B). Waterfall plot analysis revealed a PSA decline of \>50% in 11 patients receiving cabazitaxel (26.8%) (Figure [2](#cas13556-fig-0002){ref-type="fig"}A), 8 of whom showed grade 3/4 neutropenia (Figure [2](#cas13556-fig-0002){ref-type="fig"}A, black bar). A PSA reduction of at least 25% was seen in n = 20 patients (48.8%).

![Kaplan‐Meier for time to prostate‐specific antigen (PSA) progression (A) and overall survival (B) in total population (n = 41)](CAS-109-1570-g001){#cas13556-fig-0001}

![A, Waterfall plot of maximum percentage change in prostate‐specific antigen (PSA) level from baseline in the grade 3/4 (G3/4) specified population (n = 41). Black bar indicates the patients with G3/4 neutropenia. B, Kaplan‐Meier for time to overall survival in the grade 3/4 (G3/4) specified population (n = 41)](CAS-109-1570-g002){#cas13556-fig-0002}

Prostate‐specific antigen decline \>50% on cabazitaxel showed a statistically significant prolonged PFS (9.5 vs 4.2 months, *P *= .049). However, a PSA decline \>50% on cabazitaxel did not exhibit a prolonged OS (12.5 vs 15.1 months, *P *= .134). When the cut‐off level of PSA decline was decreased, statistical significance was reached for the cohort with a PSA decline of at least 25% for PFS (7.4 vs 3.7 months, *P *= .006) and OS (16.2 vs 9.1 months, *P *= .037).

Univariate analysis revealed that PSA ≥100 ng/mL prior to cabazitaxel treatment, Hb \<11 mg/dL, higher alkaline phosphatase (ALP), upfront dose‐reduction of cabazitaxel and the absence of grade 3/4 neutropenia during cabazitaxel therapy were significantly associated with shorter PFS (Table [3](#cas13556-tbl-0003){ref-type="table-wrap"}). Multivariate analysis revealed that upfront dose reduction of cabazitaxel (HR = .4; CI 0.18‐0.91, *P *= .028) and higher ALP (HR* *= 3.91; CI 1.52‐10.03, *P *= .005) were independent prognostic indicators for PFS.

###### 

Results of univariate and multivariate analysis influencing progression‐free survival

                                        n (%)       Univariate analysis   Multivariate analysis                
  ------------------------------------- ----------- --------------------- ----------------------- ------------ ------
  Age                                                                                                          
  ≥75                                   7 (17.1)    .537                                                       
  \<75                                  34 (82.9)                                                              
  PS                                                                                                           
  1,2                                   7 (17.1)    .119                                                       
  0                                     34 (82.9)                                                              
  Visceral metastasis                                                                                          
  Yes                                   12 (29.3)   .186                                                       
  No                                    29 (70.7)                                                              
  PSA (ng/mL)                                                                                                  
  \>100                                 22 (53.7)   .001                                                       
  ≤100                                  19 (46.3)                                                              
  Hb (mg/dL)                                                                                                   
  ≤11                                   17 (41.5)   .009                                                       
  \>11                                  24 (58.5)                                                              
  NLR                                                                                                          
  ≤3.8                                  20 (48.8)   .063                                                       
  \>3.8                                 21 (51.2)                                                              
  ALP (U/L)                                                                                                    
  \>350                                 16 (39.0)   .003                  3.91                    1.52‐10.03   .005
  ≤350                                  25 (61.0)                                                              
  Cabazitaxel starting dose (mg/m^2^)                                                                          
  \>20                                  27 (65.9)   \<.001                0.40                    0.18‐0.91    .028
  20                                    14 (34.1)                                                              
  Grade 3/4 neutropenia                                                                                        
  No                                    19 (46.3)   .029                                                       
  Yes                                   22 (53.7)                                                              

ALP, alkaline phosphatase; CI, confidence interval; HR, hazard ratio; NLR, neutrophil‐lymphocyte ratio; PS, performance status; PSA, prostate‐specific antigen.

John Wiley & Sons, Ltd

In relation to OS, from the univariate analysis, poor PS, PSA ≥100 ng/mL prior to cabazitaxel treatment, visceral metastasis, the absence of grade 3/4 neutropenia during cabazitaxel therapy (Figure [2](#cas13556-fig-0002){ref-type="fig"}B) and neutrophil‐lymphocyte ratio were significantly associated with shorter OS. The multivariate analysis revealed that a worse PS (HR = 12.99; CI:3.49‐48.35, *P *\< .001), visceral metastasis (HR = 2.90; CI 1.08‐7.83, *P *= .035) and the absence of grade 3/4 neutropenia during cabazitaxel therapy (HR = 4.31; CI: 1.52‐12.19, *P *= .006) were the independent prognostic indicators for OS (Table [4](#cas13556-tbl-0004){ref-type="table-wrap"}).

###### 

Results of univariate and multivariate analysis influencing overall survival

                                                    Univariate analysis   Multivariate analysis                
  ------------------------------------- ----------- --------------------- ----------------------- ------------ --------
  Age                                                                                                          
  ≥74                                   7 (17.1)    .992                                                       
  \<75                                  34 (82.9)                                                              
  PS                                                                                                           
  1,2                                   7 (17.1)    \<.001                12.99                   3.49‐48.35   \<.001
  0                                     34 (82.9)                                                              
  Visceral metastasis                                                                                          
  Yes                                   12 (29.3)   .05                   2.90                    1.08‐7.83    .035
  No                                    29 (70.7)                                                              
  PSA (ng/mL)                                                                                                  
  \>100                                 22 (53.7)   .022                                                       
  ≤100                                  19 (46.3)                                                              
  Hb (mg/dL)                                                                                                   
  ≤11                                   17 (41.5)   .144                                                       
  \>11                                  24 (58.5)                                                              
  NLR                                                                                                          
  ≤3.8                                  20 (48.8)   .014                                                       
  \>3.8                                 21 (51.2)                                                              
  ALP (U/L)                                                                                                    
  \>350                                 16 (39.0)   .09                                                        
  ≤350                                  25 (61.0)                                                              
  Cabazitaxel starting dose (mg/m^2^)                                                                          
  \>20                                  27 (65.9)   .053                                                       
  20                                    14 (34.1)                                                              
  Grade 3/4 neutropenia                                                                                        
  No                                    19 (46.3)   .015                  4.31                    1.52‐12.19   .006
  Yes                                   22 (53.7)                                                              

ALP, alkaline phosphatase; CI, confidence interval; HR, hazard ratio; NLR, neutrophil‐lymphocyte ratio; PS, performance status; PSA, prostate‐specific antigen.

John Wiley & Sons, Ltd

4. DISCUSSION {#cas13556-sec-0007}
=============

Cabazitaxel was the first agent demonstrating a survival benefit in men with mCRPC progressing during or after docetaxel.[5](#cas13556-bib-0005){ref-type="ref"}, [8](#cas13556-bib-0008){ref-type="ref"}, [9](#cas13556-bib-0009){ref-type="ref"}, [10](#cas13556-bib-0010){ref-type="ref"} A phase I cabazitaxel study did not demonstrate efficacy, which was the main objective of this study, and the efficacy and the prognostic indicators of cabazitaxel in Japan are still unclear.[6](#cas13556-bib-0006){ref-type="ref"}, [7](#cas13556-bib-0007){ref-type="ref"}

Cabazitaxel induces a high rate of grade 3/4 neutropenia or FN, which needs to be proactively managed to avoid potential neutropenic complications, and this may contribute to limiting its use compared with 2nd generation androgen receptor (AR)‐targeted agents. A phase I cabazitaxel study in Japanese patients with mCRPC revealed that the most frequent toxicities were neutropenia and febrile neutropenia, occurring at grade ≥3 in 100% and 54.5% of patients, respectively, although prophylactic administration of G‐CSF was not permitted at cycle 1.[6](#cas13556-bib-0006){ref-type="ref"}, [7](#cas13556-bib-0007){ref-type="ref"} At our institute, all patients received cabazitaxel at 20‐25 mg/m^2^ administered intravenously on day 1 of each treatment cycle, together with prophylactic G‐CSF according to the guidelines of the American Society of Clinical Oncology.[11](#cas13556-bib-0011){ref-type="ref"}, [12](#cas13556-bib-0012){ref-type="ref"} Grade ≥3 neutropenia and febrile neutropenia occurred in 21 patients (53.6%) and 3 (6.8%) patients, respectively, which is believed to be an improvement compared to the phase I cabazitaxel study in Japanese patients.

In many solid tumor types and hematological malignancies, chemotherapy‐induced neutropenia is associated with an improved OS in many solid tumors.[13](#cas13556-bib-0013){ref-type="ref"}, [14](#cas13556-bib-0014){ref-type="ref"}, [15](#cas13556-bib-0015){ref-type="ref"} In the context of mCRPC, a retrospective analysis in patients treated with docetaxel and a post‐hoc analysis of the TROPIC trial demonstrated that the occurrence of grade 3/4 neutropenia with cabazitaxel is associated with prolonged OS.[16](#cas13556-bib-0016){ref-type="ref"}, [17](#cas13556-bib-0017){ref-type="ref"} In this study, multivariate analysis revealed that the absence of grade 3/4 neutropenia during cabazitaxel therapy was an independent prognostic indicator for OS. The absence of grade 3/4 neutropenia could suggest insufficient drug exposure in some patients. In relation to drug exposure, we evaluated the correlation of the relative dose intensity (RDI) and grade 3/4 neutropenia. The median RDI of the patients with grade 1/2 or grade 3/4 neutropenia was 60.75 (range 48.0‐75.0) and 80.0 (range 48.0‐100.0), respectively. There was significant correlation between RDI and grade 3/4 neutropenia (*P *\< .001), suggesting insufficient drug exposure. In relation to reduced‐dose cabazitaxel in post‐docetaxel patients with metastatic CRPC, the PROSELICA study demonstrated that with a dose reduction from 25 to 20 mg/m^2^, significant clinical benefits remain.[18](#cas13556-bib-0018){ref-type="ref"} However, the study design and definition of the non‐inferiority margins were part of a post‐approval regulatory recommendation. The PROSELICA study results suggest some increased benefits with 25 mg/m², including higher PSA response rate and time to progression. Thus, a practical implication of our results might be to tailor cabazitaxel dosing on the basis of its hematological effects, if validated prospectively.

In the PSA era, PSA played a crucial role in prostate cancer diagnosis, the definition of CRPC, and indicating the extent of disease progression. In this study, univariate analysis revealed that the subgroup analysis in the TAX327 trial demonstrated that PSA was not a prognostic factor and that PSA does not necessarily follow the exacerbation of the disease in the metastatic stage, suggesting that only relying on PSA changes in mCRPC patients may be misleading to clinicians with respect to making critical decisions with regard to whether to continue or change the current treatment.[19](#cas13556-bib-0019){ref-type="ref"}, [20](#cas13556-bib-0020){ref-type="ref"} In our study, a PSA decline \>50% on cabazitaxel did not show a prolonged OS; however, statistical significance was reached for the cohort with a PSA decline of at least 25% for PFS (7.4 vs 3.7 months, *P *= .006) and OS (16.2 vs 9.1 months, *P *= .037). In combination with imaging modality, a PSA decline \>25% may have practical implications for decision‐making, although multivariate analysis did not reveal the significance of a PSA decline \>25% as a prognostic indicator.

We acknowledge that there are several limitations in our study. The study design was retrospective and involved a relatively small population. Therefore, a prospective study based on our study results is warranted to prove whether these predictive factors would be useful in an actual clinical setting.

In conclusion, we have identified PS and the absence of grade 3/4 neutropenia as potential predictors of prognostic indicators during cabazitaxel therapy in Japanese CRPC patients.
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